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Abstract 
High complexity and variety is a common situation nowadays in most enterprises. Thereby, originating sources of 
complexity and variety are the market, the organization of the enterprise, processes within the organization and the 
product itself with its structural and functional complexity. In order to reduce costs and development time enterprises 
strive to rationalize their product architectures through modular and platform based design. Thus, variety is reduced 
by the definition of standardized elements on various product aggregation and abstraction levels and across the 
product variation as well. In the past years a plethora of methods and approaches to achieve modular and platform 
based product or system design has been introduced. Whereby, each methodology exhibit different advantages and 
disadvantages according to the actual task and initial situation. This paper aims in providing a stepwise structured 
compendium and guideline in order to tackle the task of modularization and platform based architecting. Therefore, 
this compendium is based on the basic principles and methodologies of structural complexity management. In five 
simple steps the engineer is guided to define the modularization goal, determine the required modularity, select the 
appropriate modularization method according to the initial situation and carry out the modularization task.
© 2012 Published by Elsevier Ltd. Selection  
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1. Introduction 
Modularization of product or system architectures constitutes an approach to minimize complexity by 
decomposing complex systems into quasi autonomous modules. Furthermore, under the consideration of 
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more than one product or variant, standardized product platform elements can be defined in order to 
enhance the reduction of components diversity within a product family. These modules, as Gershenson et 
al. [1] defines, can be seen as units, which provide a unique basic function necessary for the product to 
operate as desired. Further, product architecture is defined by Ulrich [2] as the arrangement of functional 
elements, the mapping from functional elements to physical components and the specification of the 
interfaces among interacting physical components. 
As in the last decades the change from a sellers’ to a buyer’s market has led to an increase of variant 
products in order to meet individualized customer requirements, the diversity and the amount of physical 
components, functions and processes as well has been inevitably increased. Furthermore, a large number 
of product families has immerged and the product life cycle has been considerably reduced to meet 
constantly changing and expanding customer needs. On the one hand this has led to more complex 
products, which incorporate several different functionalities and on the other hand the plethora of 
different products and variants has led to larger, unclear and complex product programs. In this way the 
internal complexity and variety in an enterprise has increased to satisfy the external variety, which is 
required in order to operate the market [3]. Moreover, the expansion of a company’s product program and 
external variety has led to larger and more complex organization structures. In order to achieve 
communication, collaboration and team work within such complex organizations well defined processes 
are required, which on the one hand aim to facilitate and standardize workflow but on the other hand 
create a further complexity dimension. Figure 1 illustrates the four initiating sources of complexity and 
caegorizes them according to the boundary between an enterprise and its environment. Hereby is 
important to notice that the boundaries between the different sources and types of complexity are not 
definite but there are overlapping areas between the different complexity types.
 Fig. 1. Complexity sources and types [4]. 
According to this initial situation, main objective of a large number of research activities and 
publications in the last years has been to reduce the internal complexity and variety and at the same time 
to preserve the variety and the range of a product portfolio, as illustrated in Figure 2 [4]. An approach to 
achieve the reduction of internal variety and therefore internal complexity is to modularize product 
architectures, define standardized modules and platform elements. This work introduces an approach to 
systematically tackle the modularization issue in companies beginning with high level decision about the 
examination space and the concrete modularization goal. Such information is significant in order to carry 
out the acquisition of relevant information in a subsequent step and select an appropriate measure and 
method to improve the product’s modularity. 
In the next section a small survey about modularization and state of the art modularization methods is 
introduced. Afterwards the methodology and general problem solving procedure to define the approach 
for modular design are introduced. Finally the steps of the approach are briefly elaborated and the paper 
concludes with a summary and future work to be carried out. 
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Fig. 2. Scope of modularization [5, 6].
2. Related work 
As companies strive to rationalize engineering design, manufacturing and support processes in order to 
reduce and manage internal complexity they are focusing on modularity. Thereby, modularity refers not 
only to product architectures but also to processes and resources that fulfill various functions and can be 
considered as distinct building blocks [1, 7].
In this context scope of modularization is the reduction of internal complexity through modular design 
of products, eventually modular organizational structures and processes and standardization in various 
product aggregation and abstraction levels. Over the past years a plethora of different approaches and 
methods to achieve modularity in New Product Development and Product Redesign has been introduced 
[8]. Yet there is a lack of a more abstract and generic approach on how to tackle the modularization issue 
as most modularization methods introduced in the past concern the detailed low-level design steps to 
optimize product modularity but do not deal with abstract high-level issues. Such issues can be for 
example the optimization range according to a product program, the product aggregation or abstraction 
level of the examination or from which point of view a modular design has to be defined in order to serve 
a company’s strategic goals more efficiently. 
Design Structure Matrix (DSM) [9], Function Heuristics [10], Modular Function Deployment (MFD) 
[11] and Design for Variety (DfV) [12] can be seen as the major modularization methods. Whereby, 
DSM, Function Heuristics and MFD concentrate on modularization, Design for Variety constitutes a 
more extended approach, which includes the modularization aspect. 
Stone et al. [10] introduced a systematic approach to identify modules of a product on a functional 
basis. Thereby, modules are identified according to the major flows in the function structure. Stone et al. 
[10] provide in their work a number of rules (heuristics) to identify modules and a large number of 
publications can be found which introduce further heuristics to identify modules depending on the 
specific application. In order to reveal and explore alternative product architectures and to improve 
thereby the quality of the resulting product design Pimmler and Eppinger [9] proposed a component-
based Design Structure Matrix to model and analyze a product’s architecture. Modular Function 
Deployment (MFD) [11] considers more strategic and abstract management parameters to develop a 
modular product structure. MFD is also based on function structures, but modularity drivers other than 
functionality are considered. 
As stated above the approach introduced in this research aims in providing support on a higher and 
more abstract decision level. The outcome of the procedure can be utilized in order to support the method 
selection on the operative level. 
3. Methodology 
The stepwise approach introduced in this work is based on general concept of structural complexity 
management (SCM) [4]. Structural complexity management is an approach for analyzing and managing 
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complex structures in product design [4]. The procedure is based on established problem-solving 
approaches and enhances the systematic analysis process for DSMs [13]. Figure 3 shows a graphical 
representation of the SCM approach along with the results of each step. Thereby, a system meta-model is 
set up during the first step of the actual procedure in order to represent the relevant domains of 
information, which have to be acquired to carry out the analysis. The system meta-model contains 
information about which domains are relevant to the system analysis. In the next step detailed and in-
depth information from the relevant examination domains and the relationships between them has to be 
collected. This can be done form existing data bases and documents or by interviews [4]. During the 
analysis step the system’s characteristics can be identified by using several metrics [4]. Finally, in the last 
step of the procedure the structure is optimized according to the assessment and the identified potential 
during the previous step. Therefore, several algorithms and structure principles are applied in order to 
generate optimized product structures along with the goal of optimization. 
Fig 3. The structural complexity management approach 
Structural complexity management was initially introduced in order to analyze and manage or reduce 
structural product complexity. Nevertheless, the generic approach of SCM is suitable to tackle 
organizational and process complexity as well. For the purpose of this research SCM defines the generic 
optimization procedure, which is applied for modularization as well. The introduced approach in the next 
section constitutes a modification and concretization of the SCM approach especially in order to achieve 
optimized modular design. 
4. Approach for modular design 
This section of the paper introduces and elaborates on the stepwise approach to define modular 
structures in product development (Fig. 4). As stated in the previous section this approach is based on the 
generic procedure of structural complexity management and consists of four general steps. These are: 
 Goal and system definition 
 Information acquisition 
 System analysis and  
 Optimization 
In this case during the goal and system definition the detailed modularization scope and the 
examination or rather the optimization field are defined and the modularization requirements are set. At 
first, the modularization level of the examined product architecture is defined. Thereby, the design 
engineer or product architect has to decide if the modularization has to be carried out e.g. on the 
functional or the physical product abstraction level. Furthermore, the product aggregation level of the 
modularization is defined as well. By this means and respectively to the product, an architect can 
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discriminate between system and sub-system level, module and component level and technology level. 
Surely, further and more detailed categorizations for the product abstraction and aggregation dimension 
can be utilized according to the specific situation. After having defined the modularization level, the 
architect needs to investigate the appropriate point of view to carry out the modularization. Such 
perspectives can be the assembly perspective of the product, the geometrical or functional perspective or 
even marketing and organizational structures according to which a modular design can be derived. As a 
result of these two first procedure steps the inherent complexity of the modularization task is managed 
and a detailed goal structure of the modularization is set up, which facilitates the definition of a system’s 
meta-model containing all relevant examination domains.  
Finally during the goal and system definition phase, the examination space is defined. Thereby, the 
dimension of product variance is significant for the further modularization procedure. Aim of this step is 
to specify if the architecture of a single product, a product family or the overall product program are to be 
considered in the next analysis and optimization steps. 
According to the procedure of SCM in the next step all relevant information has to be acquired in order 
to allow a system analysis and optimization [4]. Thereby, the systematic and in-depth goal and system 
definition in the previous phase facilitates and simplifies the information acquisition. 
Goal of the system analysis procedure step is to identify the potential for a more efficient modular 
design of the examined product or system architecture. Therefore, several metrics can be used in order to 
assess the product’s or system’s modularity, such as the Withney Index (WI) or the connectivity degree of 
the current system [14]. Hommes [14] provides in his work a survey and a comparison of modularity 
metrics for product structures. Furthermore, another way to review a system’s current modules is by 
computing the relation between existing dependencies of a module and possible interactions between 
module elements. 
According to the findings of the previous step the product or system architecture is optimized in this 
step. Thereby, aim of the optimization is to identify modular design, which possesses a more efficient 
modularity according to the defined goals. In order to carry out the actual task of modularization several 
different concrete approaches and methods can be employed. Nevertheless, the method selection has to be 
carried out carefully and respectively to the specific situation. Important influencing factors thereby are 
the abstraction level of the examination, the product variance to be considered and the perspective of the 
optimization. Daniilidis et al. [8] provide in their work a framework to classify modularization methods 
and approaches and support in this way method selection according to a given situation. 
Figure 4 illustrates the steps of the introduced approach. Furthermore, the generic phases according to 
the SCM procedure are highlighted. 
 Fig. 4. Stepwise modularization approach. 
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5. Conclusions and future work 
In the last decades the increase of market complexity induces a higher variety in order to meet 
constantly changing and expanding customer needs. This external variety produces a higher internal 
variety of components, sub-systems and functions, which provoke a higher complexity within the 
boundaries of a firm. Modularization constitutes a strategy to reduce variety of components and achieve 
in this way scale effects and lower costs. This work provides a systematic and stepwise approach to 
support and guide an architect through the modularization process. The approach consists of four basic 
steps, which are based on the procedure of structural complexity management. The approach guides the 
architect through high level decisions in order to define the goal and detailed scope of modularization and 
support in this way the method selection to modularize a product architecture. 
Nevertheless, further work needs to be carried out in order to validate the procedure. Therefore, an 
appropriate system of metrics and characteristics is required in order to assess the achieved modularity. 
Furthermore, a larger number of case studies need to be examined in order to identify all the possible goal 
definitions and perspectives for modularization and provide a set-up and guideline of possible initial 
situations along with relevant examination domains. 
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